Introduction
Citrullus colocynthis (C. colocynthis) Schrad. (Cucurbitaceae) generally known as bitter apple is important traditional plant with a number of phyto-neutraceutical applications [1] . Earlier workers have reported phytochemical constituents such as cucurbitane glycosides, flavonoids, tannin, alkaloids and saponin from different plant parts of C. colocynthis [1, 2] . C. colocynthis has been reported to possess Objective: To undertake metabolite profiling of various plant parts of Citrullus colocynthis, and assess antioxidant and wound healing activities of fractions for therapeutical applications.
Methods: Extracts from leaves, stem, root, fruit pulp and seeds were analyzed using gas chromatography-mass spectrometry and high performance liquid chromatography. Variation in antioxidant potential was assayed by 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging assay. The extract with highest antioxidant potential was subjected on in-vivo wound healing activity using excision wound model. Results: Metabolite profiling of Citrullus colocynthis identified 70 chemically diverse metabolites from different plant parts by using a combination of GC-MS and HPLC. Concentration of colocynthin, a principal active secondary metabolite, ranged from 3.15 mg/g dry weight to 242.00 mg/g dry weight, the lowest being in leaves and highest in fruit pulp. DPPH radical scavenging activity of free radical (IC 50 ) ranged from 196.44 µg/mL in fruit pulp to 413.33 µg/mL in leaves tissues. Significant wound contraction and increase in hydroxyproline content of granulation tissue were observed with ointment formulated from methanolic extract of fruit pulp. Conclusions: The study indicates that the methanol extract of Citrullus colocynthis fruit pulp when applied topically may promote wound contraction in rat model attributable to the accumulation of colocynthin. The high quantity of colocynthin (242.00 mg/g dry weight) and substantial concentration of 2,4-di-tert butyl phenol (3.2%), squalene (4.2%) and 毮 -tocopherol (2.5%) make this plant to provide new opportunities for development of medicinal, nutraceutical and dietary supplements with optimized functionality. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. therapeutic activities against various human ailments [3, 4] . Medicinal significance of C. colocynthis is due to the existence of colocynthin, cucurbitacin E-2-O-glucoside in fruit pulp of this plant [5, 6] . Chemical profiling of C. colocynthis is limited to colocynthin and fatty acid content [1, 7] .
Wound healing is a complicated process initiated for restoration of the function and integrity of the tissue damaged by an injury [8] .
Screening of potential wound healing phytoconstituents from selected plants is one of the emerging areas in ethanopharmacological sciences.
No systematic work has been done so far on metabolite profiling, antioxidant and wound healing activities of different parts of C.
colocynthis. Literature survey revealed that antioxidant and wound healing property of the extracts with respect to colocynthin content of this plant has not been studied so far. Metabolite profiling of leaves, stem, root, fruit pulp and seeds was done using analytical techniques such as GC-MS, and HPLC for qualitative and quantitative estimation of metabolites for therapeutic applications.
The study also aims to investigate 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging and wound healing properties of C. colocynthis extracts for healthcare and potential commercial applications.
Materials and methods

Chemicals and reagents
Chemicals utilised during this experiment were of analytical grade.
The solvents used in the extraction of metabolites, n-hexane and methanol were procured from SD Fine Chemicals Private Limited, Mumbai, India. HPLC grade solvents were procured from Merck Germany. Reagent for GC-MS, methoxyamine-HCL, pyridine and MSTFA, a standard of elaterinide (colocynthin) for HPLC analysis and DPPH for antioxidant assay and other chemicals were procured from Sigma-Aldrich India.
Plant samples and extraction of metabolites
Leaves, stem, root, fruit pulp and seeds were collected from mature plants of C. colocynthis growing at Rajasthan, India. The samples were dried until a constant weight was obtained. For non-targeted metabolite profiling, 1 g of each sample was extracted with n-hexane followed by methanol and analysis was performed by GC-MS and HPLC-PDA reported earlier [9] .
Analysis of metabolites using GC-MS
A TMS derivative of semi-polar as well as non-polar metabolites of root, stem, leaves, fruit pulp and seeds samples was prepared for gas chromatography-mass spectrometry analysis. The reaction mixture was prepared by dissolving 5 mg of the extracts in 50 µL of methoxyamine-HCL solution in GC grade pyridine (20 mg/ mL). Mixtures were shaken for 2 h at 40 曟 using thermo mixer Comfort (Eppendorf India Ltd.) and added 70 µL of N-Methyl-N-(trimethylsilyl) trifluoroacetamide. Shaking was continuing for next thirty min at 40 曟 . GC-MS analysis was done using Thermo Trace GC Ultra coupled with Thermo Fisher DSQ 栻 mass spectrometers. Chromatographic separations of metabolites were carried out using thermo TR50 column. Xcalibur software was used to process the chromatographic and mass spectrometric data. The oven temperature of gas chromatography was maintained at 70 曟 for 5 min, then gradually raised at the rate of 5 曟 /min, 70 曟 to 310 曟 and maintained for 5 min. The sample was injected in the split mode (splitting ratio of 1:16). The flow rate of carrier gas (Helium) was 1 mL/min. The MS detector was run in the electron impact (EI) mode, with electron energy of 70 eV. The resulting GC-MS profile was analyzed using WILLY and NIST mass spectral library [9] . Colocynthin was detected at 237 nm using an isocratic mixture comprised of methanol: water (50:50) at flow rate of 1 mL/min using a Waters XTerra RP C18 column (4.6 mm 伊 150 mm). The results were presented on a percent weight basis and were quantified using external standards of colocynthin.
HPLC analysis
Antioxidant potential using DPPH assay
Methanolic extracts of C. colocynthis were evaluated for their DPPH radical scavenging potential as described earlier [10] . A 50 microlitre of sample solution was added to 5 millilitre of 0.004% methanolic 1, 1-diphenyl-2-picrylhydrazyl and incubated in dark at room temperature for 30 min. The absorbance was measured at 517 nm.
DPPH assay (IC 50 ) values showed the concentration of compounds to scavenge 50% of DPPH. The assay was taken out in triplicate using ascorbic acid as standard.
Wound healing and dermal irritation studies
Healthy Wistar rats (weight 120-160 g) of either sex, without previous treatment were used in this experiment. Experimental rats animals in every group. The control rats (group 栺 ) received normal saline and served as negative control, the experimental rats (group 栻 ) served with standard ointment (Betadine) and served as positive control. Test group 栿 and 桇 were treated with the methanolic extract of C. colocynthis fruit pulp ointment (5% and 10% w/w).
Preparation of ointments
The test samples for topical application were prepared in an ointment base (vehicle) consisting of white soft paraffin, hard paraffin, cetostearyl alcohol and wool fat. The methanolic extracts of C. colocynthis fruit pulp formulation 5% and 10% were then added to the vehicle (1 g) respectively.
Acute dermal irritation test
The study was taken out abiding to OECD guidelines 402: acute dermal irritation and corrosion [11] . A total of 5 cm 2 on dorsal hair of animals was removed 24 h before application of the sample.
Animals were separately treated with simple ointment, 5% and 10% methanolic extract of C. colocynthis fruit pulp formulated ointment.
The skins were noticed for inflammation, swelling, redness and other related symptoms following the method described earlier after 4 hours of the treatment [12] .
Excision wound model
Experimental rats were anaesthetized with slight vapour inhalation of diethyl ether in anaesthesia chamber. The skin was excised from the sterile dorsal marked area from shaved dorsal surface of the experimental rats to get a wound measuring about 8 mm diameter. 
Wound contraction
Wound area was measured at day zero (8 mm   2 ) and once every 4 days post wounding. Excision wound margins were traced using transparent paper from which the wound surface area was obtained.
The measured surface area at different days of post wound creation was employed to calculate the percentage of wound contraction, taking the initial size of the wound as 100%, according to Shenoy et al. [13] . 
Results
Five plant parts viz.: leaves, stem, root, fruit pulp, and seeds of C.
colocynthis were investigated for metabolite profiling using GC-MS and HPLC. Hexane and methanol soluble crude content in different plant parts was shown in Figure 1 . Hexane soluble content ranged from 0.20% to 7.94% with an average of 2.16%. The methanol soluble content ranged from 1.27% to 11.3%, the lowest being in seeds and highest in fruit pulp (Figure 1 ). (Table 1) .
Linoleic and palmitic acid were detected as the major metabolites of hexane extracts in seeds. Percent peak area of palmitic acid ranged from (11.43 ± 0.92) to (27.55 ± 1.79), the lowest being in leaves and highest in seeds. Linoleic acid content ranged from (4.63 ± 0.28)% in leaves to (33.92 ± 1.65)% in seed with an average of (13.86 ± 0.97)% in fruit pulp, respectively. The concentration of 2,4-di-tert butyl phenol ranged from (0.44 ± 0.03)% to (3.20 ± 0.23)%, which was lowest in leaves and highest in fruit pulp (Table 1) . (Table 1) . Glucose, fructose and sucrose were found to be the dominant metabolites in semi-polar extracts of C. colocynthis. 
HPLC analysis
Cucurbitacin E 2-O-毬 -D-glucopyranoside (colocynthin) from
Wound healing activity
The methanol extracts of C. colocynthis fruit pulp in the form of 
Discussion
In GC-MS and HPLC based metabolite profiling, significant alterations were seen in levels of phyto-neutraceuticals important metabolites viz. colocynthin, 2,4-di-tert butyl phenol, squalene and 毮 -tocopherol among the five different plant parts. A relatively higher concentration of 毮 -tocopherol and squalene in leaves suggests nutritional and healthcare properties [15, 16] . A substantial quantity of colocynthin in fruit pulp (242.00 mg/g dry weight), root (76.7 mg/g dry weight) and seeds (58.5 mg/g dry weight), and 2,4-di-tert butyl phenol (3.2%), squalene (4.16%) and 毮 -tocopherol (2.5%) in leaves makes the taxa as a new potential source of healthcare products. However, the relative percent peak area of 2,4-di-tert butyl phenol, squalene and 毮 -tocopherol was higher in leaves as compared to that of other plant parts investigated.
Phenols are potent antioxidant compounds which can be of commercial importance for the nutraceutical industry. Earlier, Varsha et al. have reported that 2,4-di-tert-butyl phenol is an fungicidal with antioxidant properties [17] . Colocynthin, cucurbitacin E-2-O-glucoside that is the main active principle present in the pulp of C. colocynthis has been reported to have cathartic, antihistaminic, anticholinergic, negative chronotropic and negative inotropic activities [6] .
DPPH radical scavenging of methanolic extracts varied significantly among different parts of C. colocynthis. However, the highest radical scavenging potentioal was found in fruit pulp as compared to the other parts. Indeed, colocynthin content was comparatively higher in fruit pulp of C. colocynthis as compared to that of the other plant parts. Therefore, the colocynthin content may be one of the constituents of the fruit pulp of C. colocynthis responsible for the antioxidant activity.
The wound healing study showed that the ointments from the methanolic extract of C. colocynthis resulted in an improved wound closure rate and significant reduction in healing time as compared with control group 栺 . These results enhanced wound healing progression and noticeable wound margin hydration resulting from skin regeneration. The transformation activity of the ointment that increased statistically significant enhanced cellular proliferation against wound healing. The estimation of hydroxyproline indicates that a significant increase in hydroxyproline content of granulation tissue is responsible for synthesis of collagen, which is the predominant protein responsible for the wound healing [18] .
In present study, GC-MS and HPLC based metabolite profiling was applied to various parts of C. colocynthis in order to analyse metabolites of potential dietary supplements or nutraceutical applications could be explored as potent free radical scavenging activity. The chemically diverse metabolites were detected in semipolar and non-polar extracts of different parts of C. colocynthis. 
Conflict of interest statement
The authors have no conflict of interests.
